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A first ECCO2 solution was obtained for TOPEX period (1992-present) using a 

Green’s function approach to adjust a small number (~80) of model parameters. 

Early science applications include improved error estimates and eddy 

parameterizations for coarse-resolution ocean simulations and estimations, 

impact of mesoscale eddies on large-scale ocean circulation and its variability, 

ocean biogeochemistry, and studies of the polar oceans. 

A second ECCO2 solution is being obtained for the ARGO (2004-present) 

period using the adjoint method to adjust  ~109 model parameters. 

http://ecco2.org 





Sensitivity of sea ice 

export to forward 

model formulation 

Losch et al., submitted 



Arctic ocean and sea ice state estimation using Green’s functions 

Nguyen et al., in preparation 

Normalized cost function reduction 
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Figure 3. Locations of CTD data in the Arctic Ocean from SCICEX (1993-2000, black

squares), BGEP (2003-2004, gray circles), and ASOF (1997-2005, black triangles).

Figure 4. Total cost normalized by the cost of experiment A0 for the two experiments, with

sea-ice cost shown in solid color and oceanic cost in hatched areas. The total cost reduction in

experiment A1 is 44%, with approximately 45% reduction in sea-ice cost and 44% reduction in

oceanic cost.
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2007-2008 summer sea ice minima 

Arctic ocean and sea ice state estimation using Green’s functions 



Nguyen et al., submitted 

Canada Basin Hydrography 

Modeling the Arctic halocline with a brine rejection parameterization 



Nguyen et al., in preparation 

Atlantic water pathways Pacific water pathways 

Arctic Ocean circulation 



Arctic Ocean studies 

Modeling transport, fate and lifetime of riverine DOC in the 

Arctic Ocean. Manizza et al., in press. 

Response of the Arctic freshwater budget to 

extreme NAO forcing. Condron et al., 2009 

Sea ice model and adjoint development. 

Campin et al., 2008; Nguyen et al., in press. 
Losch et al., submitted; Heimbach et al., submitted. 

Variability of sea ice simulations assessed with RGPS 

kinematics. Kwok et al., 2008. 
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Impact of one input on all outputs Sensitivity of one output to all inputs 



!"#$%&'()#*$&%#+,-.#+/0%#$+*1&0,2$

Sensitivity of ice export to 

all elements in the  

coupled state: 

•! sea-ice (e.g. thickness, 

concentration, snow cover) 

•! ocean (temperature, salinity, 

velocities) 

•! atmospheric boundary 

condition (SAT, specific 

humidity, precipitation, 

shortwave radiation, wind 

velocity) 

forward mode 

(tangent linear model) 

reverse mode 

(adjoint model) 
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basal sliding sensitivity basal melt rate sensitivity 

reference basal  

temperature [oC] 

reference basal  

melt rate [kg/m2/s] 

reference Csl 

11.2 m/a/Pa 



Cost function 

reduction 

Iteration 3 vs baseline SST change on Aug 27, 2004 

Cost function reduction vs Argo salt 

Cost function reduction vs Argo temp 
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